The electrodeposition of tin from Tin (II) Methane Sulfonate (MSA) with varying concentration in air and water stable 1-Butyl-1-Methylpyrrolidinium Trifluoro-Methanesulfonate, (BMPOTF) ionic liquid at room temperature was studied. Cyclic Voltammetry served to characterize theelectrochemical behavior of tin reduction and oxidation. The diffusion coefficient of stannous ions in the mixture of BMPOTF ionic liquid and MSA based electrolyte obtained via Randles-Sevcik was approximately 2.11X 10 -7 cm 2 /s. Electroplating on copper panel was conducted under different current densities to determine BMPOTF based tin plating solution current efficiency. Mixture of BMPOTF and MSA based tin plating solution gave current efficiency as high as 99.9%. The deposit morphology of the mixture BMPOTF and MSA based tin coated substrates was observed by using EDX and SEM. A dense, fine and polygonal grain structure was obtained.
Introduction
Tin and its alloys can be electrodeposited from various electrolytes including aqueous fluoroborate, sulfate and methane sulfonate solutions. The sulfate electrolyte is generally adopted as a first choice of plating electrolyte due to its low cost and long history. The fluoroborate bath is used when high current density is required. The methanesulfonate-based electrolyte is favored for its environmental benefits and it facilitates higher stannous ion saturation solubility with a low oxidation rate to stannic ions [1] .
However, hydrogen evolution reaction often occurs in the aqueous based electrolyte electrodeposition resulting in profound effect on current efficiency and quality of the tin deposits. As a result, different additives may be needed to suppress such difficulties. In contrast, a fundamental advantage of using ionic liquid electrolytes in electroplating is that, since these are non-aqueous solutions, there is negligible hydrogen evolution during electroplating and the coatings possess the much superior mechanical properties of the pure metal. Hence essentially crack-free, more corrosion-resistant deposits are possible. This may allow thinner deposits to be used, thus reducing overall material and power consumption [2] .
Electrodeposition in ionic liquids was rarely studied in the past. In 1992, Wilkes and Zaworotko reported the first air and moisture stable imidazolium based ionic liquid with either tetrafluoroborate or hexafluorophosphate as anions. Then, several, liquids consisting of 1-ethyl-3methylimidazolium, 1,2-dimethyl-3-propylimidazolium, or 1-buty-l-methyl-pyrrolidinium cations with various anions, such as tetrafluoroborate (BF 4 3 C -], were found and received much attention because of low reactivity against moisture [3] [4] .
Few studies were reported on the electrodeposition of Tin (II) in ionic liquids. The first was done by Hussey and Xe [5] in an AlCl 3 mixed in 1-Methly-3-Ethyl Imidazolium chloride melt. W. Yang et. al. [6] has done Tin and Antimony electrodeposition in 1-ethyl-3-methylinidazolium tetrafluoroborate, and N. Tachikawa et. al. [7] has done electrodeposition of Tin (II) in a hydropbobic ionic liquid, 1-n-butyl-1-methylpyrrolidinium bis (trifluoromethylsulfonyl) imide.
In view of the advantages of the air and water stable ionic liquids, we report here the results on the Tin electrodeposition from a mixture of an ionic liquid, 1-Butyl-1-methyl-pyrrolidinium trifluoro-methanesulfonate, (BMPOTF) with Tin (II) Methane Sulfonate in Methane Sulfonic Acid (MSA).
Experimental
The electrochemical behavior of tin reduction and oxidation was studied in the water and air stable ionic liquid 1-Butyl-1 methyl-pyrrolidinium trifluoro-methanesulfonate, (BMPOTF) which was purchased from Merck. The experiments were carried out using a conventional 3-electrode cell. The working electrode was a copper rod with diameter of 4 mm and exposed area of 0.1257 cm 2 . Before each experiment, the copper rod was prepared as follows: wet grinding with SiC type abrasive paper grade 100, 1000 and 1200 to a mirror finish. Cleaning 10 minutes in ethanol and then de-scaled with 10% Methane Sulfonic Acid (10%) and final rinsing in de-ionized water. The counter electrode was a platinum wire with 4 cm length and 0.1 mm diameter. The working electrode potentials reported herein were measured versus a Ag|AgCl reference electrode. Table 1 and Table 2 gives the content of the Tin (II) methanesulfonate solution and the content of the ionic liquid.
For the electroplating experiments, copper panels with dimension 2 cm x 2 cm were used as the substrate for tin electrodeposition. Before each experiment, the pre-treatment of the copper panels were as follows: Cleaning 10 minutes in ethanol and then de-scaled with 10% Methane Sulfonic Acid (10%) and final rinsing in de-ionized water. Precautionary measures were taken to eliminate oxygen from the system by bubbling high purity nitrogen through the solution prior to the experiments for 3 minutes.
The electrochemical experiments were carried out using an Autolab PGSTAT 30 Potentiostat/Galvanostat. All experiments were conducted at room temperature, 29 +/-1 ºC in a mixture of BMPOTF ionic liquid and MSA based tin methane sulfonate salts. Tin Methane Sulfonate, (CH 3 SO 3 ) 2 Sn was added in the desired amounts. No organic additives were mixed in the solutions in this study. The electrolyte volume for the mixture was fixed at 15 mL in these experiments. Scanning Electron Microscopy (SEM) was model Philips XL 30 and Energy Dispersive X-Ray Analysis (EDX) was using EDAX Analyzer Genesis was used in the surface studies of these deposits. Figure 1 shows the voltametric response for BMPOTF with different tin concentration. Cyclic voltammetry experiments were swept from 0 to -1.0 V vs. Ag|AgCl, then the sweep direction was reversed. The potential sweep rate was remained at 0.05 V/s throughout the experiments. Increasing Tin (II) concentration produces a stronger reduction and oxidation peak. A single reduction and oxidation peak were observed in the cyclic voltammetry of Tin deposition and Advanced Materials Research Vols. 264-265 dissolution at a copper substrate, where these peaks were absent when done with only the ionic liquid without the (CH 3 SO 3 ) 2 Sn in MSA.
Results and discussion 3.1 Voltammetry
The forward sweep from 0 to -1V vs. Ag|AgCl shows a reduction peak for tin deposition corresponding to a two-electron step:
Reduction: Sn 2+ + 2e -Sn (Eq. 1) On reversing the potential sweep from -1.0V to 0V vs. Ag|AgCl, a single stripping peak was observed confirming the two-electron oxidation of metallic to stannous ions via the reverse reaction:
Oxidation: Sn Sn 2+ + 2e -(Eq. 2) The relation between the peak current density, J p and the concentration of the electroactive species in solution can be given by the Randles-Sevchik equation: J p = 2.69 X 10 5 Z 1.5 D 0.5 v 0.5 c (Eq. 3) Where J p is the peak current density, Z is the number of electrons involved in the electrode process, D is the diffusion coefficient of stannous ions, v is the potential sweep rate and c is the concentration of stannous ions.
Fig. 2: Effect of Sn 2+ concentration on peak current density
From the graph in Fig. 2 , the diffusion coefficient of stannous ions in BMPOTF ionic liquid is approximately 2.11 x 10 -7 cm 2 s -1 . Table 3 gives the diffusion coefficients of Tin (II) in various types of ionic liquids.
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Advances in Materials and Processing Technologies II [1] 6.5 X 10 -6 1-ethyl-3-methylimidazolium tetrafluoroborate [6] 6.1 X 10 -7 1-n-butyl-1-methylpyrrolidinium bis (trifluoromethylsulfonyl) imide , which contribute to the low value of the diffusion coefficient [5] .
W. Yang et. al. [6] used tetrafluoroborate, BF 4 based ionic liquid, where the diffusion coefficient was higher than calculated from the chloroaluminate ionic liquid by Hussey. From the Stoke-Einstein equation, it can seen that the smaller Tin(II) tetrafluoroborate species will contribute to a slightly higher diffusion coefficient value for the Tin(II) species.
Studies using trifluoromethylsulfonyl imide ionic liquids from Tachikawa et. al. [7] and this work using trifluoromethylsulfonate ionic liquid gave smaller diffusion coefficient for the Tin(II) species. It can be suggested that the complexation between the Tin (II) with trifluoromethylsulfonate and trifluoromethylsulfonyl imide, which is larger than the chloride ion and the tetrafluoroborate ion, has increased the radius of the Tin(II) species in solution. This contributes to the lower diffusion coefficient compared to the chloride and tetrafluoroborate based ionic liquids in the works of Hussey and Tachikawa.
Electroplating Experiments
Electroplating on macroelectrodes were carried out to estimate the plating current efficiency and hydrogen evolution reaction for the mixture of 1-Butyl-1-methyl-pyrrolidinium trifluoromethane sulfonate (BMPOTF) with Methane Sulfonic Acid and tin methane sulfonate salts. Table 4 presents the results of current efficiencies from electroplating experiments using Tin (II) solution in ionic liquid at different current densities and Tin (II) concentrations.
Scanning electron microscopy (SEM) and Energy Dispersive X-ray spectroscopy (EDX) were used to examine the surface morphology and analyze the elemental compositions of the electrodeposits. Table 4 shows the current efficiencies obtained from experiments using current densities from 1 A dm -2 (ASD) to 7 ASD for various concentrations of Tin (II) from 0.1 M to 0.5 M in ionic liquids solutions. From the results, increasing current densities for higher concentrations of Tin(II) such as 0.4 and 0.5 M gave decreasing current efficiencies for Tin deposition. At these conditions, the hydrogen evolution reaction becomes prominent and decreases the current efficiency for the Tin deposition. The deposits became dull and less reflecting in appearance, owing to the porous nature of the surface as can be seen in Figure 3 .
Scanning Electron Microscopy (SEM) from Figures 3 at 3500X magnification reveal that the deposits became less compact, less dense and more porous for higher current densities and higher concentrations of Tin(II). This can be also seen in the EDX results in 
CONCLUSIONS
The electrodeposition of tin in the mixture of water and air stable ionic liquid-1-Butyl-1 methyl-pyrrolidinium trifluoro-methane sulfonate and Methane Sulfonic Acid (MSA) based Tin Methane Sulfonate salts shows promising results in this study with current efficiency as high as 99%. The deposit morphology of the mixture BMPOTF and MSA based tin coated substrates were observed by using EDX and SEM, where dense, fine and polygonal grain structures were obtained. In this study, we are convinced that water and air stable ionic liquids have a huge potential in the additive free electrodeposition of metals, especially there is very less hydrogen evolution even though mixed with the Methane Sulfonic Acid (MSA) based Tin salt.
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